A recent paper 14 on the extraction of tetraalkylammonium fluoride 16 into toluene by alcohols and phenols indicated that definite numbers of extractant molecules were involved in the organic-phase species. These molecules were surely hydrogen-bonded to the F-, as little interaction would be expected with large quaternary ammonium cations. Four benzyl or decyl alcohol molecules were required, and with the phenols, two species were observed: a two-phenol and a higher, probably four-phenol, F-complex. This suggested the stepwise complexing of the F-by phenol, as is commonly observed with metal cations and simple ligands.
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..-It was of interest to try to obtain better data on the higher F-phenol complex or complexes, and to-see if the F--alcohol data in toluene could be extended to more dilute alcohol concentrations so as to look for lower complexes.
We. were also curious to see whether the same alcoholation number would be obtained with a different diluent, and whether Cl-would show the same behavior or indicate a different alcoholation and phenolation number. The Cl-ion is ---larger and could accommodate a larger number of molecules aroUnd itself, but· for the same reason it is less basic than F-and so needs less solvation. were removed from the aqueous phase and then diluted to 3 ml. These sample.s were counted in a well-type scintillation counter with a 5 cm x 5 cm Na(Tl)I crystal. The concentration of fluoride in each phase was calculated froIn the distribution coefficients obtained and the initial concentration of fluoride in the aqueous phase.
The procedure for experiments with chlori.de was similar, except that I the chloride was usually determined spectrophotometrically by means of its accompanying tetraalkylammonium cation. 11 Samples of the solutions were diluted to concentrations between 10-5 and 10-4 M. Then, 5 ml of, the diluted solution was shaken with 5 ml of 0.010 N sodium picrate , 5 mlof saturated magnesium sulfate solution, and 5 ml of chloroform (for the aqueous-phase determination), or 5 ml of distilled water (for the organic-phase determination ) .
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Absorbance ·of the picrate in the organic layer was measured against reagent blank at the /il-bsorpt ion peak in each sol vent, using l-cm cells. Wi th ,i sooct ane solutions, 5 ml dichloroethane were added to complete the extraction of tetraalkyla.mm.onium picrate,. For samples less than 10-5 M in salt concentration, 10-cm cells were employed. The wave lengths used were 315 m]J, 362 mjJ, a.nd 312 m]J for chloroform, toluene, and isooctane-dichloroethane mixture, respectively. Interference by alcohol or by phenol was negligibly small when its concentration was less than 0.010 M.
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The volume ratio 'of organic to aqueous phase was in most cases 1:1, although ratios of 1:2 arid 1:5 were used when the distribution was high enough to cause a depletion of the salt in the aqueous phase. .extractions of tetrapentylammonium chloride with benz¥'l alcohol in toluene. In Figure 7 .are shown p~ots of organic-phase tetrapentylammonium chloride concentration vs. the aqueous salt concentration for twop-nonylphenol molarities.
The third and lowest curve is a blank (no nonylphenol) in toluene alone; below The corrections to constant aqueous salt concentration and to constant organicphase extractant concentration were made as described in the earlier paper. 14 The water content of the organic-phase salt solutions in toluene are given in Tables I-V for We shall usually employ concentrations rather than activities for' the tetraalkylammonium salts, but this should not affect the results of the slope analyses in the dilute solutions used. In the more concentrated aqueous solutions, .measured or estimated activity coefficients are used. However, it should be remembered that the equilibrium concentrations of the different species must be used.
This requires that the amount of extractant complexed by water be considered if that water-extractant complex involves more than one molecule of extractant.
Previous work 14 has shown that in the concentration range under investigation, the benzyl alcohol-water complex in toluene does involve two molecules of alcohol per molecule of water, and follows the expression, the curve at higher alcohol concentrations can be resolved into an ad'ditional ' .
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component of slope four, as was previously found. 14 A least-square fitting by computer to a power series expression in the alcohol concentration indicated the following equilibrium quotients for tetrahexylammonium fluoride and benzyl alcohol in toluene:
This resolution of the curve is shown in Figure 2 , and it. can be seen that the This is probably due to formation of a salt micelle in the aqueous-phase and to some solubilization of the benzyl alcohol into the micelle.
The fact that an aqueous micelle is involved is indicated by the dependence of the concentration at which this behavior appears upon the size of the alkylammonium cation. Some dissolution of the alcohol in the micelle is necessary to explain the peak and subsequent decrease of the extraction with increasing aqueous salt concentration; formation of the micelle alone would ca~se the curve to approach a horizontal line, but not to decrease. Corroborating evidence The alcohol'S hydroxyl group can interact wi ththe (basic) 'IT-electron system of the latter solvent, and sohave a decreased effective concentration or activity compared to the same concentratiori in isooctane. But the greater inertness of isooctane also means that the fluoride complex must obtain its solvation more complete ly from the alcohol and les s from the di luent. Both of thes e effe cts enhance the proportion of (coordirtatively) saturated 4:1 complex with respect to the lower complexes in isooctane compared to toluene for a given alcohol concentration. Finally!) the lower dielectric constant of isooctarle contributes to the 15-fold lower K4' of the ion pair-,than in toluene. '.
phenol molecule, while that with alcohol may involve.a change in mechanism during the steps. A possible explanation will betaken up later with reference to the water uptake results. It does seem, however, that four is the maximum number of alcohol or phenol molecules coordinated; allowance for a 5:1 complex did not improve the computer fits. It should also be noted that the more acidic, and so more strongly hydrogen-bonding, phenol molecules increase the extraction of the tetr8.hexylammonium fluoride by 3"':5 orders of magnitude over that with benzyl alcohol. With the more inert and lower-dielectric constant diluent isooctane, extraction is poorer so that a larger cation hadtbbe used. Figure. 9 shows actually decrease slightly. Again we think this/behavior is due to the formation of salt micelles in the aqueous phase at the higher salt concentrations, and the solubiiization therein of some of the benzyl alcohol from the organic phase. The effect becomes larger, the higher the concentration of aqueous salt and of organic-phase alcohol, and is somewhat less severe with the tetrahexylammonium cation than with the tetraheptylammonium ion used with fluoride.
Taking this behavior into account, the two plots in Figure 10 of Thus, data for the log-log plots of tetrapentylamrnonium chloride extracted vs.
the p-nonylphenol concentration at constant aqueous salt molarity should be taken below an organic-phase chloride concentration of a few times 10-3 M.
In order to achieve this and to hold down the size of the corrections for changes in the aqueous-phase salt concentration by extraction, the measurements shown in Figure 8 were taken in two sections, normalized together by overlap- Again-, we think this sugg"ests that the same process is taking place at each step
.J The water uptake situation seems less 'clear with the chloride anion. Tables II and III 
_ . work in this laboratory
shows that the extraction of Cl without any extractant present leads to -3 moles. of water perCl-(F-extracts with more). Yet with enough phenol present, four molecules of phenol can be bound to a Cl-; and although it is only our assumption that they are all hydrogen-bonded to the anion to form its first coordination shell, this dqes seem plausible. The main point is that in the organic phase, when the chloride anion goes from solvation by water to solvation by phenol, it appears to increas~i ts average nUlllber of solvation molecules from -3 to 4. A possible explanation is that when a hydrated Cl-distributes into the organic phase, it cannot carry a full firstshell of water with it because of the lack of secondary solvation available to these water molecules in that phase. That is, there are no molecules present capable of hydrogen bonding to these (exposed) first-shell waters. So perhaps two water molecules are bound more tightly to each Cl-to provide it with solvation , with a distribution of species with 0, 1, or 2additio l1 al, but lesstightly bound water molecules present to average to -3 moles/Cl-. But when the water molecules are replaced by phenol, the backside of the latter do not need hydrogen bonding and:can receive adequate solvation from the surrounding , i , ..
toluene molecules, and so the Cl-ion can expand its coordination number, ! within possible steric limits, to the observed value of4.
The water uptake of the benzyl alcohol complexes foJ)ows a still different pattern, but may indicate the same general behavior. The 4:1 F-complex 14 . with alcohol has been previously shown to involve -2 water molecules, and
Tables IV and V suggest that the average 2: 1 and 3: 1 alcohol-chloride species both have -2 water molecules also. Since benzyl alcohol is much less acidic than phenol and probably comparable to (even less acidic than) water, it may not be able to displace all the water from the first coordination shell around the anions as can phenols. Thus the 4:1 alcohol complex with both anions may retain two water molecules in the first coordination shell, with two alcohols also in that shell and two more bound, not directly to the anion, but to the water molecules, thus providing the latter with solvation to their rear side and acting as a buffer between them and the organic diluent. At lower alcohol concentrations, alcohol is lost from the complex in a step"rise fashion, but the first two alcohols lost. are most likely to be the ones bound to the water molecules. After that, it might be expected to become more difficult to replace with water the two last alcohol molecules, bound directly to the anion.
Such a sequence would explain why the 3:1 species shows up poorly with alcohol and F-, but is a major component with phenol, since with the latter extractant, each step is the same, namely replacenient of a water with a phenol molecule (or vice":'versa). This alcohol complexing sequence is also in agreement with the observed feature that, when using the more inert diluent isooctane, the 4: 1 complex occurs more readiJy for both F-and Cl-than with toluene; since the lower complexes would have water molecules on the anion explosed to the ". be different; especially with F-there is la favoring of the 4:1 and 2:1 species. In addition, both anions seem to retain -2 water molecules with the 4: 1 (F-) and 3:1 ( Cl-) complexes. It is suggested .that perhaps the less acidic alcohol molecules cannot displace these two waters from the first shell of .the anions, but merely hydrogen bond to them. For F-, the 4:1 species with either alcohol or phenol could be made dominant, and there was no indic at ion, in the concentration range studied, of a higher complex. With Cl-, the 4:1 species could be observed s but it was not possible to go to high enough extractant concentrations to s8iY anything about higher complexes.
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